Southern elephant seal numbers declined precipitously throughout most of their circumpolar distribution, including Marion Island, following the 1950's. A long-term intensive demographic programme was initiated in 1983 on the relatively small population at Marion Island in an attempt to identify causative mechanisms associated with this decline. Weaned southern elephant seal pups have been tagged annually since 1983, and this has produced a large number of individuals of known identity. A regular resighting programme yielded a mark-recapture dataset that has been subjected to numerous survival-based models. This ongoing programme produced a substantial body of scientific literature on population growth patterns, vital rates (survival and fecundity) and population regulation in southern elephant seals which we review in this manuscript. We briefly describe the analytical framework common to much of the demographic research and highlight important conclusions regarding elephant seal population regulation at Marion Island. We also discuss priorities for future research. 
Introduction
The study of life history characteristics that govern population growth is firmly entrenched in the discipline of population ecology and is of applied value but also of theoretical interest (Gaillard et al. 1998 , Saether et al. 2002 , Baker and Thompson 2007 . Understanding the means of population regulation as well as being able to discern which vital rates and population components are the most responsive to environmental change has obvious merit in applied fields such as wildlife management (Schwarz and Stobo 2000 , Sibly et al. 2005 , Lande et al. 2006 , Hone and Clutton-Brock 2007 . Population growth is furthermore disproportionally influenced by certain population parameters (Gaillard et al. 1998 , Pistorius 2001 , McMahon et al. 2005b ).
Being able to identify which vital rates (fecundity or survival) and what age categories are the most important in causing population change is important in the management of populations, particularly when dealing with species that are of conservation concern or that impact on human welfare (Jorgenson et al. 1997 , Holmes et al. 2007 ). Although often subject to stringent assumptions, longitudinal studies of survival and fecundity have long been recognized as potentially yielding robust estimates, free of a number of biases associated with cross-sectional or short term studies (Caughley 1977) . Possibly the most important source of bias in cross-sectional population models is related to the assumption that the age distribution in the population under study is stationary, an unlikely scenario for most wild populations (Caughley 1977) . Longitudinal studies are, however, labour intensive and lengthy in duration necessitating a long-term commitment to the study (Lebreton et al. 1992 ).
One such study, which has arguably resulted in one of the most comprehensively investigated large mammal populations from a demographic point of view, commenced in 1983 on southern elephant seals at Marion Island Wilkinson 1994, Pistorius et al. 1999a) . High levels of philopatry to natal sites during obligatory terrestrial phases (Condy 1979 , Hofmeyr 2000 , and relative immobility and associated ease of identifying uniquely marked individuals , de Bruyn et al. 2008 , have rendered this a prime candidate species for studies of population ecology (e.g. Pistorius et al. 1999a , McMahon et al. 2003 , life history theory (Pistorius et al. 2004 (Pistorius et al. , 2008a ) and large scale environmental change (McMahon and Burton 2005) .
The Marion Island population of this circumpolar species (Ling and Bryden 1992 ) is relatively small, and like most other populations in the southern Indian and Pacific oceans (Burton 1986 , Hindell and Burton 1987 , Guinet et al. 1992 , McMahon et al. 2005a , Authier et al. 2010 , declined precipitously during the four decades following the mid 1950s (Pistorius et al. 2004 ). The concern raised by this general decline stimulated the initiation of several long-term ecological studies on southern elephant seal populations around the subantarctic (Bester 1988 , Hindell 1991 , Bester and Wilkinson 1994 . The focus was largely on changes in population sizes (Hindell and Burton 1987 , Guinet et al. 1992 , Bester and Wilkinson 1994 , Pistorius et al. 1999b , and causal factors contributing to these changes, both proximate and ultimate (Hindell 1991 , Bester and Wilkinson 1994 , Pistorius et al. 1999a ). The Marion Island population declined by 83% between 1951 and 1994 and by 37.2% from some 2120 individuals in 1986 to 1330 individuals in 1994 at an average of 5.8% per annum, and 3.7% up to 1997 (Pistorius et al. 1999b ). Although no significant reduction in population numbers was evident post 1994 (Pistorius et al. 2004 ; see Figure 1 for pup counts as a proxy for population size), an inflexion in 4 population growth (marking the change between a decline and increase in growth) only took place in 1997 ). The population appeared stable between 1994 and 1999 (Pistorius et al. 2004) , although a recent analysis with additional years of population counts indicated that these years were associated with an inflexion in population growth ). De Bruyn (2009 recently identified the inflexion in population survivorship as being 1994, and postulated this to have resulted in a population trend inflexion around 1998. Either way, the relatively stable population between 1994 and 1999 allowed for the study of age-and state specific vital rates during two distinct population trajectories (e.g. Pistorius et al. 2008b) . Therefore inferences regarding causative factors associated with change in numbers in this population became possible.
The intensive mark-recapture database, developed since 1983, has been subjected to numerous analyses resulting in a host of scientific papers that deal with specific aspects of survival and fecundity, particularly in relation to population regulation and life history theory. The aim of this review is to provide a synthesis of this work, bringing forward our current understanding of population parameters and their role in population regulation in southern elephant seals at Marion Island. We highlight future research priorities, specifically at this site, but that may also be relevant elsewhere.
The mark-recapture framework

Study site
Subantarctic Marion Island (46°54'S, 37°45'E; Figure 1) 
Data collection and analyses
Since 1983, a total of 13,400 recently weaned southern elephant seal pups were tagged in both of their hind flippers on an annual basis (average: 479; range: 389 -700). Figure   2 shows the number of pups born at Marion Island, the number tagged at weaning and the number of pups surviving to weaning age that were not tagged. Virtually all pups that survived to weaning age were tagged, particularly in the most recent 15 years.
Uniquely numbered, colour-coded Dal 008 Jumbotags® (Dalton Supplies Ltd., Henleyon-Thames, United Kingdom) were used for this purpose. Initially, pups were tagged in either of the two inner inter-digital webbings of each hind flipper (see for details). However, the tag site was changed from the year 2000 onwards, to the upper, outer inter-digital webbing of each hind flipper (Oosthuizen et al. 2010 The large majority of demographic studies covered in this paper made use of broadly similar analytical procedures which are briefly described below. Encounterhistory matrices, which are required for mark-recapture analyses, were constructed from resight data. Multiple sightings during any given year were treated as a single sighting.
The peak haul-out date for females during the breeding season is 15 October (Condy 1978, Bester and Wilkinson 1994) , and animals were assumed to age on this date. The software program MARK (G. White, Colorado State University; White and Burnham 1999) , which is an application for the analysis of encounter-history matrices of marked individuals, was used to obtain likelihood estimates of annual survival and resighting (capture) probabilities. The software program provides parameter estimates under the essential Cormack-Jolly-Seber (CJS) model, but also under a range of models that appear as special cases of this model (Lebreton et al. 1992 ).
The two fundamental parameters in these models are: the survival probability for all animals between the ith and (i + 1)th encounter occasion, and the resighting probability for all animals in the ith encounter occasion.
The survival probability incorporates both death and permanent emigration of individuals and can therefore be referred to as apparent survival. In all relevant papers it was assumed that southern elephant seals show a strong site fidelity to their natal grounds (Hofmeyr 2000) and that permanent emigration from Marion Island is minimal.
Although these assumptions are generally applicable, recent work provides evidence that the assumption must be applied with caution for future work (de Bruyn 2009 , Oosthuizen et al. 2009 , Oosthuizen 2010 ) (see below).
Model fit to the data were mostly assessed using the program RELEASE goodness-of-fit procedure (Burnham et al. 1987) implemented in program MARK to ascertain whether the assumptions pertaining to the model were met (see Lebreton et al. 1992 ). An information theoretic approach was used for model selection (Burnham and Anderson 2002) during which a set of models, including fully parameterized models and models with various constraints on survival and resight probability were compared.
We used the small sample corrected Akaike's Information Criterion (AICc) to select the best models. AIC is a standard procedure for model selection in a mark-recapture context, and it weighs the quality of fit or deviance (defined as the difference in -2Log
(Likelihood) of the current model and -2Log(Likelihood) of the saturated model) and the precision (via the number of estimable parameters), so as to select the most parsimonious model that adequately describes the data (Lebreton et al. 1993 , Anderson et al. 1994 .
The survival models used rely on the resight probability at each resight occasion in order to allow for survival estimation. This parameter in itself is also of interest and was used in the estimation of reproductive rates and costs associated with reproduction in southern elephant seals at Marion Island (e.g. Pistorius et al. 2001a , but see Bradshaw et al. 2002 .
Notwithstanding the change in tag-site in 2000, elephant seals at Marion Island have been tagged in both hind flippers since the commencement of the mark-recapture programme in 1983 (Bester & Wilkinson 1994 , de Bruyn et al. 8 2008 , Oosthuizen et al. 2010 . This allowed for the assessment of the potential for bias in estimates of survival rates resulting from tag-loss and the subsequent estimation of correction factors to compensate for such tag loss (Wilkinson and Bester 1997 , Oosthuizen et al. 2010 . Correction factors have consistently been applied to survival estimates (Wilkinson and Bester 1997 , Oosthuizen et al. 2010 . 2000) is incorrect. Potential biases in demographic parameters related to violation of this assumption at this study location is likely to be minimal due to the low rates of tag loss that have been reported here , Oosthuizen et al. 2010 .
Discussion
Important in the assessment of mechanisms associated with population regulation is the availability of robust estimates of vital rates that potentially influence population growth, these being survival, or its inverse, mortality, and fecundity (Pistorius et al. 2001b , McMahon et al. 2005 , Harting et al. 2007 , Holmes et al. 2007 Figure 3) . In gauging the influence of the environment on population growth, it is furthermore important to be able to assess temporal variability in these vital rates (Beauplet et al. 2005 ). These are ideally studied at an age-or state-specific level so that population components proximately related to observed population change can be identified (Wisdom et al. 2000 .
Although successful reproduction is an obvious condition for population maintenance, in long lived animals such as southern elephant seals, its role is generally thought to be inferior to that of survival in governing population growth (Lima and Paez 9 1997 , Saether 1997 , Gaillard et al. 1998 , Pistorius 2001 , McMahon et al. 2005b ; Figure   3 ). Notwithstanding, its demographic function, together with the information that can be gleaned regarding intrinsic and extrinsic drivers of population change (Gaillard et al. 1992 , Jorgenson et al. 1993 , Saether 1997 , Bowen et al. 2006 , Harting et al. 2007 , de Little et al. 2007 , warrants the study of reproductive rates in animal populations. For example, a decrease in age of maturity and increase in age-specific fecundity were observed in the declining Marion Island southern elephant seal population, suggesting a density dependent response (Pistorius et al. 2001b ; but see Bradshaw et al. 2002) . Body size is generally thought to be the fundamental criterion affecting age of primiparity (Laws 1956 , Reimers 1983 , Boyd 2000 . It is likely that per capita prey availability, this being made up of various fish and squid species (Rodhouse et al. 1992 , Daneri and Carlini 2002 , Daneri et al. 2000 , van den Hoff et al. 2003 , Hindell et al. 2003 , van den Hoff et al. 2003 , increased as the southern elephant seal population declined (Pistorius et al. 2001b ). This would consequently have allowed for accelerated growth and improved body condition which would have stimulated the above shifts in reproductive rates, a pattern also observed elsewhere (Huber et al. 1991 , Gaillard et al. 1992 , Saether 1997 . However, at Marion Island, accelerated growth and improved body condition of individuals could not be directly measured, and the assessment of these measures and others associated with individual experience and status represents an important covariate alongside vital rates for assessment in future studies ).
Age of primiparity varies between three and six for this population, with fecundity on average being 0.16 (SE 0.04), 0.40 (SE 0.07), 0.45 (SE 0.07) and 0.50 (SE 0.060) respectively (Pistorius et al. 2001b) . Through life table analyses, and stochastic growth models, it has become clear that fecundity plays a relatively minor role in population growth in this population, which required unrealistic adjustments to this variable in order to significantly change the population trajectory (Bester and Wilkinson 1994 , Pistorius 2001 , McMahon et al. 2005 . In a food limited environment, reproduction may, however, be expected to be the first demographic variable to be compromised (Fowler et al. 1987) . This indeed appears to be the case for southern elephant seals, rendering fecundity a useful variable to monitor in order to assess changes in the environment.
Recent work has, however, questioned the validity of using age-specific resight probabilities during the breeding season as a rational index of age-specific breeding probabilities (de Bruyn et al. in press ). On the other hand, detectability of seals actually present at the island approaches 100%, justifying under certain circumstances, the use of such an index (de Bruyn et al. in press ). However, this approach assumes that after primiparity, females of the species breed virtually every year, which has recently been shown to not be the case at Marion Island (de Bruyn et al. in press) . Several studies addressed questions associated with demographics of adult female southern elephant seals basing conclusions on this tenuous assumption (e.g. Hindell 1991 , McMahon et al. 2003 , 2005b , Pistorius et al. 2004 , 2008b . Reproductive estimates derived from such studies must therefore be viewed with some caution although the potential bias in point estimates of fecundity is likely to be similar over time and different adult female age groups, thereby validating temporal and groupspecific comparisons to some degree.
In colonial breeding animals, particularly those in which breeding activities are compressed within a relatively narrow window of opportunity, mortality of immatures during the course of the breeding season has the potential to largely impact on a population's trajectory (Boveng et al. 2000) . This is particularly true in seabirds and seals in which relatively short periods of food shortage could hamper provisioning rates or adult body condition and translate into high juvenile mortality levels (Soto et al. 2004 ). Weather conditions (most notably storms and heavy rainfall), breeding activities associated with male dominance and topography and substrate of breeding habitat, could also influence levels of early juvenile mortality in seals (Chilvers et al. 2005 , Frederikson et al. 2008 . In southern elephant seals breeding at Marion Island, pup mortality, however, does not appear to play a large role in governing population growth.
Pup mortality during the course of the breeding season is about 4% at Marion Island with no relationship to population density (Wilkinson 1992 , Pistorius et al. 2001a ), similar (McCann 1985 , Hindell and Burton 1987 and slightly higher (Galimberti and Boitani 1999) to what had been reported at other breeding sites. As opposed to some populations of Northern elephant seals, in which pup survival is largely impacted through storms (Stewart 1992) , weather conditions do not appear to play a large role in pup survival at Marion Island. Furthermore, smaller harems at Marion Island tend to have the highest level of pup mortality, probably due to the presence of younger, less experienced females but also possibly due to suboptimal harem sites (Pistorius et al. 2001a ).
Juvenile survival (post weaning survival over the first three years of life prior to sexual maturity; Pistorius et al. 2001b , McMahon et al. 2005a ) is often a key component of population dynamics, largely influencing population status in many large-mammal populations (Eberhardt and Siniff 1977 , Eberhardt 1981 , Promislow and Harvey 1990 , Hindell et al. 1994 , York 1994 , Benton et al. 1995 , Jorgenson et al. 1997 , Hastings et al. 1999 ). It has furthermore been purported to be particularly sensitive to environmental variability (Fryxell 1987 , Gaillard et al. 1998 ), while at Marion Island greater variability has been evident in adult rather than juvenile survival (Pistorius et al. 1999a, Pistorius and . Although the decline in several pinniped populations was attributed to 12 low juvenile survival (Trites and Larkin 1989 , Hindell 1991 , York 1994 , it is uncertain whether low juvenile survival was proximately related to the decline of southern elephant seals at Marion Island (Pistorius and Bester 2002, McMahon et al. 2003 ).
However, it did not show significant change concurrent with the change in population growth, which is opposite to what was found for adult female survival (Pistorius et al. 2004 (Pistorius et al. , 2008a . Based on population matrix models (Caswell 2001) sensitive to equivalent changes in juvenile or adult survival, the fact that juvenile survival (at least during the first three years of life) was stationary during a period of significant change in population growth (which was initially questioned (Bradshaw et al. 2002) , but has since been confirmed ( A proportion of juvenile southern elephant seals haul out during winter. This is often termed a winter or resting haul-out with no particular function ascribed to it (Kirkman et al. 2001 ). An investigation into the fitness implications associated with this behaviour revealed that participation in this haul-out bears no survival implications . It is, however, likely to be related to differential levels of philopatry among individuals .
Southern elephant seals are at the extreme ends with regards to both sexual dimorphism and polygamy in marine mammals (Laws 1956 ) resulting in marked structural and functional differences between the sexes and a pronounced disparity in sex-specific adult survival (Promislow 1992 , Pistorius et al. 1999a , de Bruyn 2009 ).
Greater susceptibility to nutritional stress and aggressive behaviour associated with male dominance results in relatively low survival in adult males (Toigo et al. 1997 ), about 0.69 (averaged over 6 th to 11 th year; Pistorius et al. 1999a ), yet males are not a limiting resource when it comes to ensuring fertilization of females during the breeding season (Wilkinson and van Aarde 1999) . Adult female survival, particularly that of primiparous females (Figure 3) , however, appears to be important in governing growth in this population (Pistorius et al. 2004 , de Bruyn 2009 (Pistorius et al. 2004) . This is further supported by adult female 14 survival being substantially higher at 88% at the large stable population at South Georgia, but with similar juvenile survival as at Marion Island (McCann 1985 . The increase of 6.2% in adult female survival at Marion Island associated with the change in population growth is thought to have facilitated the levelling off in population numbers after the long term decline (Pistorius et al. 2004 ). Moreover, adult females, especially prior to and soon after primiparity while still growing somatically (Laws 1956) , are likely to be susceptible to nutritional stress (Oftedal et al. 1987 , Carlini et al. 1997 , Hastings et al. 1999 , and their survival seems to have been largely related to the decline in southern elephant seal numbers at Marion Island (Pistorius et al. 2004 , Pistorius et al. 2008a ; Figure 3 ). High energetic requirements resulting from foetus nourishment and accumulation of sufficient fat reserves required for lactation may explain the pronounced changes in adult rather than juvenile survival associated with a presumed increase in food availability (Pistorius and Bester 2002, Pistorius et al. 2004) . A similar pattern to that described above for adult females has also been reported for pubescent southern elephant seal males. These males have unusually high energetic demands, and their survival is also related to population growth (Pistorius et al. 2005) .
The above therefore provides further support in favour of the food limitation hypothesis (Pistorius et al. 1999b , McMahon et al. 2005a ).
The annual cycle of southern elephant seal females can be divided into two pelagic phases partitioned by distinct and highly synchronized terrestrial phases namely breeding and moulting (Condy 1979 , Kirkman et al. 2003 . Except for mortality incurred soon after birth during the breeding season (Pistorius et al. 2001a, McMahon and , mortality on land in southern elephant seals at Marion Island is negligible. Using resight data independently collected during the moulting and breeding season allowed for an investigation into the seasonal components of adult female 15 survival during the two intervening pelagic phases (Pistorius et al. 2008a ). Postbreeding survival (62 days) of primiparous females was on average estimated at 0.83 (SE 0.02) compared to 0.92 (SE 0.02) for more experienced females. This indicates a cost associated with first reproduction, which is dependent on population status, which in turn appears to be governed by food availability (Tavecchia et al. 2005 , Hadley et al. 2007 , Pistorius et al. 2008a , de Bruyn 2009 . Post-moulting survival (255 days) was 0.85 (SE 0.01) and independent of reproductive history. In per unit time this implies much lower survival during the post-breeding pelagic phase. This is perhaps not surprising since a complete separation from food resources takes place during the 3 and 4 weeks while on land during breeding and moulting respectively (Condy 1979 , Kirkman et al. 2003 . This, in conjunction with the costs associated with weaning of a pup during the breeding season, is likely to render post-breeding females at a high risk of starvation relative to post-moulting females. Post-breeding survival of primiparous females, furthermore, increased by eight percent concurrent with the termination of the population decline whereas post-moulting survival increased by 5.5 percent (Pistorius et al. 2008a) . Individual variation in seal body size, regardless of age, will affect foraging ability (Weise et al. 2010) and consequently the ability to survive periods of food limitation, and the demands of pup provisioning (Wheatley et al. 2006 ). Assessment of known-age female body size fluctuation over time, as related to her survival, and that of her offspring has been suggested as a research priority at Marion Island (de Bruyn et al. 2008) . Recent advances in the use of photogrammetry that facilitate relatively simple, but accurate mass estimation of adult elephant seals will allow this covariate to be incorporated into future survivorship modelling ). Adult female survival during the two pelagic phases furthermore varies independently (Pistorius et al. 2008a ) highlighting the importance of studying survival (and covariates such as body mass as associated with foraging ecology - McIntyre et al. 2010 , Tosh 2010 in this species at a seasonal scale, especially when ascertaining the effect of environmental variability on survival.
Food limitation is thought to have been ultimately related to the decline in southern elephant seals at Marion Island, and it is likely that food conditions improved in recent years giving rise to the observed changes in population growth (Pistorius et al. 1999b , Pistorius et al. 2008b ). Reasons for changes in food availability, however, remain speculative (see Tosh 2010) , although in situ observations of ocean structure has enhanced our understanding of the marine environment that southern elephant seals utilise (Charrassin et al. 2008) . Although it is likely that changes in food availability have been associated with large scale environmental change as previously argued (Hindell 1991, Pistorius et al. 1999a, Reid and  However, large scale environmental variability, as measured by the SOI, does appear to influence pup survival in southern elephant seals elsewhere (McMahon and Burton 2005) . As a result of extensive foraging distributions in southern elephant seals (Bester 1989 , Jonker and Bester 1997 , Campagna et al. 1999 , Hindell et al. 2003 , Biuw et al. 2007 , Tosh et al. 2009 , Tosh 2010 , their life history parameters reflect the productivity of large ocean ecosystems, and render them important potential indicator species of large scale environmental change (McMahon et al. 2003) .
N o n e t h e l e s s , d e s p i t e c h a n g e s i n t h e i r n u m b e r s b e i n g a t t r i b u t e d t o l a r g e s c a l e environmental processes (Hindell 1991 , Pistorius et al. 1999a , the mechanism/s involved remain poorly understood. It may be associated with a large scale ecosystem 'regime shift' in the southern ocean (Weimerskirch et al. 2003) , and such a shift could potentially be linked to the extent of sea-ice in the Southern Ocean which impacts strongly on ocean productivity (Atkinson et al. 2004, McMahon and Burton 2005) . Should large scale environmental change be instrumental in regulation of southern elephant seal populations, it is important to be able to quantify the relationship between large scale physical processes (e.g. Antarctic Circumpolar Wave and SOI) and southern elephant seal demographic rates (de Little et at. 2007), mediated through their food resources. It is consequently imperative that efforts be made to better understand these mechanisms involved so as to allow information on life history variability to be useful in an assessment of the state of the Southern Ocean ecosystem. Such studies, particularly when relating survival to large scale processes, are likely to be best rewarded at a seasonal rather than annual scale of investigation (Pistorius et al. 2008a) .
As the only predator of southern elephant seals at Marion Island, killer whales could be impacting on growth in this population (Pistorius et al. 2002c , McMahon et al. 2003 . A recent analysis, however, indicates this predation pressure to be insufficient to dramatically impact on the southern elephant seal population trend (Reisinger et al. in press, Figure 3) . Numerous observations have confirmed that killer whales predate on southern elephant seals at Marion Island (Reisinger et al. in press) , but the fact that changes in survival observed were not uniform across demographic groups argues against predation having had a large impact on the status of this population. Furthermore, killer whales appear to preferentially target post-weaning juvenile seals (based on the peak in their numbers around the island during the breeding compared to any of the moulting seasons), and first year survival has been relatively high and constant (Pistorius and Bester 2002a, Pistorius et al. 2002) .
Research on ageing is fundamental to the understanding of life-history parameters and their consequences on population demography. Senescence, generally viewed as the rate of increase in age-specific mortality or reduction in reproductive rates with age, which results from degenerative changes in the organism (Abrams 1991 , Promislow 1991 , Nussey et al. 2008 , is widely encountered in wild populations (Caughley 1966 , Eberhardt 1985 , Promislow 1991 , Gaillard et al. 1993 , 1994 , Jorgenson et al. 1997 . Nevertheless, during one of the first long term studies of senescence in a marine mammal, making use of mark-recapture data, a senescence effect (reduction in either survival or fecundity) could not be demonstrated for southern elephant seals at Marion Island . However, subsequent analysis, including an additional decade of mark-recapture data, provided evidence for reproductive senescence in female elephant seals after the age of 12, and this effect was skewed towards individuals exhibiting early primiparity (de Bruyn 2009). Despite a dataset encompassing 25 years of longitudinal data, that extends beyond the observed longevity of the species (Hindell and Little 1988) , no evidence for actuarial senescence was found (de Bruyn 2009). It has therefore been argued that mortality over the different age classes in southern elephant seals at Marion Island results in no individuals surviving to the age where physiological decline becomes a mortality agent or result in failure to breed (Pistorius and Bester 2002, de Bruyn 2009) . This may be a result of the toll that food limitation takes on survival, as several previous studies that had detected senescence dealt with populations where adults, unconstrained by food availability, had high annual survival (Gaillard et al. 1993 , Jorgenson et al. 1997 . Conversely, the analytical procedures employed by Pistorius and de Bruyn (2009) may not be optimal for describing the presence/absence of senescence (de Bruyn unpubl. data). Senescence may be better described using continuous models (e.g. Loison et al. 1999 ). Mark-recapture procedures for fitting Gompertz and Weibull models explicitly may also provide a more reliable test of senescence (e.g. Gaillard et al. 2004 ).
Density dependence is a widely recognized form of population regulation (Brook and Bradshaw 2006) . In essence it entails a density feedback on population parameters as a result of per capita resources being dependent on population density.
Density dependence has most commonly been demonstrated in terms of food availability (e.g. Festa-Bianchet et al. 2003) . As population numbers change, so does the rate of food consumption, ultimately leaving more or less food per individual. This in turn impacts on either or both survival and reproduction altering population growth and ultimately population numbers. In southern elephant seals at Marion Island density dependent population regulation was initially inferred when increased rates of reproduction and earlier onset of maturity were observed for females (see above).
Although this inference was criticised because of premature speculation regarding a change in population growth rate (Bradshaw et al. 2002 , Pistorius et al. 2001b ), these changes were confirmed at a later stage (Pistorius et al. 2004 , Pistorius et al. 2008b ).
Underpinning much of the demographic work that was performed on southern elephant seals is the assumption that the respective populations are negligibly influenced by permanent immigration and emigration. In the estimation of survival rates, emigration is particularly important in survival models as it functionally translates 20 into mortality resulting in negatively biased estimates (Lebreton et al. 1992 ). The assumption of low levels of dispersal (especially emigration) in the southern elephant seal population at Marion Island is founded in the high philopatry between natal-and later haul-out sites of the species at this locality (Hofmeyr 2000) , and the appreciable genetic differences between the major global stocks of southern elephant seals indicating minimal cross-dispersal (Slade et al. 1998 , McMahon et al. 2005a (Oosthuizen et al. in press ) further challenged our confidence in assumptions of a closed-population, given that tag loss could not account for these unmarked seals (Oosthuizen et al. 2010) . The question arose, if so many immigrants haul out at Marion Island, how many native tagged seals could be similarly hauling out elsewhere? Even low levels of migration in a small population can potentially significantly influence population growth (McMahon et al. 2005b ). Also, do the tagged and untagged components of the local population adhere to similar regulatory parameters, being of different origin and subject to differing local behaviour and haulout patterns (Oosthuizen et al. in press-a) ? Some temporary migration between Marion and nearby (~22km distant) Prince Edward Island is now known to take place (Oosthuizen et al. 2009) , with several studies having reported on more widespread movement of marked elephant seals within the region (Bester 1988 , 21 Guinet et al. 1992 , Reisinger and Bester 2010 
